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[57) . ABSTRACT

In a brush motor comprising a stator assembly consti-
tuted by a permanent magnet assembly and a cylindrical
yoke, a stator provided with coils diametrically oppos-
ing to each other and rotatably disposed within the

~stator assembly, and a brush, the permanent magnet

assembly 1s constituted by two arc segment magnets
each having magnetic anisotropy in a radial direction
and an arc angle 6 of 170°-180°, so that the permanent
magnet assembly has a magnetic fiux density distribu-
tion having a smooth wave form substantially free from
localized deformations in a circumferential direction
approximately on an inner surface thereof. Such an arc
segment magnet 1S manufactured by a wet molding
method and sintering.

5 Claims, 5 Drawing Sheets
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WIDE-ANGLE ARC SEGMENT MAGNET AND
BRUSH MOTOR CONTAINING IT

BACKGROUND OF THE INVENTION

The present invention relates to a wide-angle arc
segment magnet supported by a cylindrical yoke for
constituting a magnetic circuit for motors, generators,
etc., and more particularly to a wide-angle arc segment
magnet whose magnetic flux density distribution has a
smooth wave form substantially free from deformation
in a circumferential direction approximately on an inner
surface thereof, when a pair of them are assembled 1n
the magnetic circult, thereby generating extremely re-
duced magnetic noises. It further relates to a brush
motor containing a pair of such wide-angle arc segment
magnets.

Widely used in magnetic circuits of motors, genera-
tors, etc. are hard ferrite magnets, Alnico magnets,
Mn-Al magnets, Fe-Cr-Co magnets, rare earth magnets
(Sm-Co or Nd-B-Fe), etc. Such magnets are generally
in the form of a cylinder or an arc obtained by dividing
a cylinder., and magnetic anisotropy is given to such
magnets in radial directions or in longitudinal direc-
t10ns. |

As an arc segment magnet, for instance, Japanese
Utility Model Laid-Open No. 59-78880 shows in FIG. §
an anisotropic magnet having radial magnetic anisot-
ropy, and Japanese Patent Laid-Open No. 2-119546
shows in FIG. 1 an anisotropic magnet having two
magnetic poles opposing diametrically. These magnets
are produced by different methods.

Magnets are generally produced by a dry molding
method or a wet molding method. The dry molding
method is considered to be more suitable for the pro-
duction of magnets in that it takes shorter time than the
wet molding method and that it can produce magnets
having complicated shapes by utilizing a smaller appa-
ratus. Accordingly, the arc segment magnets are con-
ventionally produced by the dry molding method.

In motors, etc. using arc segment magnets, it 1s de-
sired that as small magnetic noises as possible are gener-
ated in their operation. The magnetic noises are caused
by the fact that the magnetic flux density distribution in
a magnetic circuit of the motor has a deformed wave
form. When there 1s a deformed wave form, torque
generated by a magnetic attraction force between a
stator and a rotor is periodically changed, causing a

so-called cogging, which means uneven rotation. This

cogging i1s a main cause for noises.

To avoid such magnetic noises, an eccentrically
shaped arc segment magnet 1s used for motors. Further,
Japanese Patent Laid-Open No. 63-228951 assigned to
Hitachi Metals, Ltd. discloses an arc segment magnet
having longitudinal ends each having a skewed shape,
and an eccentrically shaped, inner cylindrical surface to
stabilize the rotation of a rotor.

However, although the eccentrically shaped arc seg-
ment magnets generate reduced magnetic notses, their
effective magnetic flux is also reduced since a space
factor of the magnet is reduced due to eccentric dispo-
sition, meaning that a relative volume of the magnet is
reduced. In addition, since sufficient orientation of mag-
netic anisotropy cannot be achieved in eccentrically
shaped magnets, they do not show high magnetic prop-
erties even though they are shaped in the form of a ring.

Apart from the above, the dry molding method can-
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angle @ close to 180°. As shown in FIG. 10, an arc
segment magnet 1s produced by using a die apparatus
comprising an upper die 11 having a cylindrical recess,
a lower die 12 having an aperture, a plunger 13 having
a top surface provided with a cylindrical center projec-
tion and movable up and down in the aperture of the
lower die 12. A cavity 16 1n an arcuate shape is defined
by the cylindrical recess of the upper die 11 and the top
surface of the plunger 13. The magnet powder is
charged into the cavity 16 and compressed by elevating
the plunger 13. In this case, if an arc segment magnet to
be produced has an arc angle close to 180°, 1t is difficult
to remove the resulting green body from the die with-
out destroying edge portions thereof. In addition, in a
dry molding method m which a magnetic field is ap-
plied longitudinally, both circumferential ends of a
wide-angle arc segment magnet cannot have a high
density as compared to a center portion thereof. Ac-
cordingly, when a molded product (green body) is
taken out of a die, it is likely to be cracked and broken
at both circumferential ends. In a dry molding method
in which a magnetic field 1s applied transversely (Japa-
nese Patent Publication No. 56-51482), a wide-angle arc
segment magnet cannot be easily removed from a die as
an arc angle € of the arc segment magnet increases.
Accordingly, cracking is also likely to take place. For
these reasons, arc segment magnets having arc angles 6
of 150°-165° are generally produced.

On the other hand, in the case of a wet molding
method using a magnet powder slurry, a large deforma-
tion 1s more likely to take place than in the case of the
die molding method. Particularly, when a die apparatus
having a similar structure to that shown in FIG. 10 is
utilized, the density of the resulting green body is likely
to be uneven. Specifically, a center portion of the result-

‘ing arc segment-shaped green body has a higher den-

sity, and side portions (circumferential end portions)
have a lower density. Accordingly, the sintered arc
segment magnet tends to have a large deformation.
Because of the above mentioned problems, a conven-
tional arc segment magnet does not have an arc angle 6

- close to 180°. Therefore, when assembled inside a cylin-
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not easily produce an arc segment magnet having an arc

drical yoke of a motor, etc., the resulting arc segment
magnet assembly has a large gap which leads to a slight
deformation of a wave form of a magnetic flux density
distribution. This causes vibration and noises.

OBJECT AND SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to
provide a wide-angle arc segment magnet capable of
reducing magnetic noises when assembled in motors,
etc.

Another object of the present invention is to provide
a brush motor containing such wide-angle arc segment
magnets, thereby suffering from less magnetic noises.

As a result of intense research in view of the above
objects. The inventors have found that a wide-angle arc
segment magnet having an arc angle 6 up to 180° can be
produced by a wet molding method.

The wide-angle arc segment magnet according to the -
present invention is manufactured by a wet molding
method and sintering and having an arc angle 6 of
170°-180° and an intrinsic coercive force iHc of 2850
Oe or more.

The brush motor according to the present invention
comprises a stator assembly constituted by a permanent
magnet assembly and a cylindrical yoke, a rotor pro-
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vided with coils diametrically opposing to each other
and rotatably disposed within the stator assembly, and a
brush, the permanent magnet assembly being consti-
tuted by two arc segment magnets each having mag-

netic anisotropy in a radial direction and an arc angle § 5
of 170°-180°.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view showing a brush
motor containing two wide-angle arc segment magnets 10
according to one embodiment of the present invention;

FI1G. 2 1s a perspective view showing a wide-angle
arc segment magnet according to the present invention;

F1G. 3 1s a graph showing a wave form of a magnetic
flux density distribution; 15

FIG. 4-6 are graphs each showing a magnetic flux
- density distribution wave form according to different
- embodiments of the present invention:

FIG. 71s a graph showing the relation between an arc
angle 6 and cogging; 20
F1G. 8 1s a graph showing the relation between an arc

angle 6@ and magnetic noises:

FIG. 9 1s a cross-sectional view showing a wet mold-
ing die apparatus; and

F1G. 101s a cross-sectional view showing a dry mold- 25
ing die apparatus.

DETAILED DESCRIPTION OF THE
INVENTION

The wide-angle arc segment magnet of the present 30
invention. which is produced by a wet molding method,
has an arc angle 6 between 170° and 180°. It has a coer-
cive force Hc of 2800 Oe or more and an intrinsic coer-
cive. force tHc of 2850 Oe or more. With a coercive
force Hc and an intrinsic coercive force tHc lower than 35
the the above levels, sufficient magnetic properties can-
not be achieved to operate motors, etc.

The wide-angle arc segment magnet desirably has a
residual magnetic flux density Br of 3800 G or more,
and 1t desirably shows a magnetic flux density distribu- 40
tion having a smooth wave form substantially free from
deformation. Incidentally, the larger the Br, the smaller
the Hc. Accordingly, the Br of the wide-angle arc seg-
ment magnet is within the above range.

The wide-angle arc segment magnet produced by a 45
wet molding method shows a magnetic flux density
distribution having a smooth wave form substantially
free from deformation in a circumferential direction
approximately on an inner surface thereof, as shown by
the solid line in FIG. 3. Accordingly, when used in a 50
motor, 1t generates only smaller magnetic noises, ensur-
ing smooth rotation. On the other hand, when an arc
segment magnet produced by a dry molding method
having an arc angle smaller than 170° is used, the result-
ing cylindrical magnet assembly shows a magnetic flux 55
density distribution having a deformed wave form as
shown by the dotted line in FIG. 3. Particularly a por-
tion T of the curve contributes to the generation of
magnetic noises.

Since the wide-angle arc segment magnet of the pres- 60
ent invention has an arc angle € of up to 180° only a
small gap 1s provided when two wide-angle arc segment
magnets are assembled in a cylindrical yoke. Accord-
ingly, the wave form of the magnetic flux density distri-
bution 1s less likely to be deformed during the operation 65
of a motor, thereby causing little vibration and noise.
Therefore, a rotor of the motor can rotate smoothly
without suffering from unevenness. |

4

The arc segment magnet of the present invention is
covered by a cyhndrical yoke to reduce magnetic resis-
tance 1n a magnetic circuit.

As shown in FIG. 1, the brush motor of the present
invention comprises a cylindrical yoke 1, an arc seg-
ment magnet assembly 2 supported by the cylindrical
yoke 1, a rotor 3 rotatably disposed inside the arc seg-
ment magnet assembly 2, a shaft § of the rotor 3 and
bearings 4 mounted to a bracket of the brush motor for
rotatably supporting the shaft 5. The wide-angle arc
segment magnet assembly 2 1s constituted by two wide-
angle arc segment magnets produced by a wet molding
method and having an arc angle 8 of 170°-180°,

Incidentally, it has been considered to be difficult to
produce an arc segment magnet having an arc angle 8
up to 180° by a wet molding method, but the inventors
have succeeded in the production of an arc segment
magnet having an arc angle 6 of up to 180° by a wet
molding method, by utilizing the phenomenon that a
center portion and end portions of the arc segment
magnet show different shrinkage ratios. For instance,
by making the thickness t; of each circumferential end
portion slightly larger than the thickness ta of a center
portion, uneven deformation by sintering can be pre-
vented. In this case, the circumferential portions are
trimmed after sintering. Alternatively, a load may be
applied in such a direction as to prevent an uneven
deformation by sintering. Further, a higher pressure for
charging a slurry into the cavity may be utilized to
increase the density of the end portions.

With respect to the wet molding method, a slurry of
magnet powder may be used. As magnetic powder,
ferrite powder is preferable. The ferrite is generally
expressed by the formula: MO.6Fe>Oz: wherein M is Ba,
Sr, etc. The ferrite powder preferably has an average
particle size of 0.5-3 um, and the concentration of the
ferrite powder in the slip is 50-75 weight %, preferably
60-70 weight %. When the average particle size of the
ferrite powder 1s less than 0.5 um, the leakage of the
ferrite slurry, the clogging of a filter (reduction of de-
watering capacity), the deterioration of moldability,
etc. may take place. On the other hand, when it exceeds
3 pum, it is larger than the sizes of single magnetic do-
main particles, resuiting in the decrease of iHc. With
respect to the concentration, when it is less than 50
weight %, filtrability of the slurry is reduced. On the
other hand, when it exceeds 75 weight 9%, the orienta-
tion of magnetic particles in a magnetic field is Jowered.

A wet molding die apparatus is typically shown in
FI1G. 9. The die apparatus comprising an upper die 11
having a cylindrical recess, a lower die 12 having an
aperture, a plunger 13 having a top surface provided

- with a cylindrical center projection and movable up and

down m the aperture of the lower die. A cavity 16 in an
arcuate shape is defined by the cylindrical recess of the
upper die 11 and the top surface of the plunger 13. The
upper die 11 has a plurality of pores 15 for permitting
water to pass therethrough. A filter 14 is placed inside
the cavity 16 along the cylindrical recess of the upper
die 11.

The slurry 1s introduced into the cavity 16 and com-
pressed by the plunger 13 while removing water from
the slurry by filtration. After molding, the green body is
removed from the die.

During the wet molding operation, a magnetic field is
applied to give magnetic anisotropy to the arc segment
magnet. In a preferred embodiment, a radial magnetic
anisotropy is given to the green body.
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The green body is then sintered at 900 °-1400° C. for
about 1-10 hours. When the sintering temperature is
lower than 900° C., sintering does not take place. On the
other hand, when it exceeds 1400° C., the resulting
magnet has a low 1Hc. The sintering time may be deter-
mined depending on the sintering temperature.

By sintering, a slight deformation may take place.
Accordingly, the green body should have such a shape
that 1t is changed to a desired arc shape having an arc
angle of 170°-180°. For this purpose, the above-
described means may be applied.

In the present invention, particularly remarkable
effects can be obtained in the case of a large arc segment
magnet. When the arc segment magnet has an outer
diameter of about 30 mm or more, a thickness of about
3 mm or more and a length of about 25 mm or more,
deformation and cracking are likely to take place in the
course of molding and sintering. Accordingly, such arc
segment magnet 1s preferably produced by a wet mold-
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ing method, so that it can have an —arc angle of 20

170°-180°,
- The present invention will be explained in further
detail by means of the following Examples.

EXAMPLE 1

Arc segment magnets having shapes and dimensions
shown in 2 in Table 1 were produced from a ferrite
powder slip by a wet molding method and sintering at
1240° C. The magnet material was produced from iron
oxide and strontium carbonate in a molar ratio of 5.8,
and had an average particle size of 1.1 um.

The resulting arc segment magnets (a)-(c) had mag-
netic properties shown in Table 2, and magnetic flux
density distribution wave forms as shown in FIGS. 4-6.
Incidentally, the measurement of the magnetic flux
density distribution was conducted by a probe disposed
on a rotor rotating within the permanent magnet assem-
bly constituted by a pair of the arc segment magnets.
The distance of the probe from the inner surface of the

permanent magnet assembly was about 0.7 mm.
TABLE 1
Lengih in Inner Quter
Sample Arc Longitudinal Diameter Diameter
No. Angle Direction (mm) {(mm) {(mm)
a 170° 45 42 53.0
b 175° 45 42 53.0
C 180 45 42 53.0
TABLE 2
| Sample
No. Br Hc tHc
a 3.876 3.064 3,144
b 3.876 3,064 3.144
C 3.876 3,064 3,144
. 3.602 2.952 3.254
Note

*: Comparative Example

Wave forms shown in FIGS. 4-6 are smooth curves
substantially free from deformation. Motors using the
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above arc segment magnets (a)-(c) did not generate
magnetic noises and suffered from little rotation un-
EVEnness.

For comparison, an arc segment magnet having the
same dimension as (b) above was produced by a dry
molding method and sintering at 1240° C. It showed a
magnetic flux density distribution wave form shown in
FIG. 5 by the dotted line. It is clear from FIG. 5 that the
magnetic flux density distribution wave form of the arc
segment magnet (Comparative Example) has substantial
deformation.

EXAMPLE 2

Arc segment magnets having different arc angles 6
from 150° to 180° were used in the brush motor shown
in FIG. 1, and cogging and magnetic noises were mea-
sured. The results are shown in FIGS. 7 and 8. 1t is clear
from FIGS. 7 and 8 that remarkable effects can be ob-
tained when the arc angle € is between 170° and 180°,

Since the arc segment magnet of the present inven-
tion has an arc angle 6 of 170°-180°, it shows a wave
form of magnetic flux density distribution which is a
smooth curve substantially free from deformation,
thereby preventing magnetic noises. Further, the pro-
duction of wide-angle arc segment magnets by a wet
molding method is economically advantageous.

What 1s claimed is:

1. An tmproved brush motor comprising a stator

assembly constituted by a permanent magnet assembly

and a cylindrical yoke, a rotor provided with coils dia-
metrically opposing to each other and rotatably dis-
posed within said stator assembly, and a brush, charac-
terized by: said permanent magnet assembly being con-

stituted by two arc segment magnets each having mag-

netic anisotropy in a radial direction and an arc angle ©
of 170°-180°, said two arc segments comprising a pair of
wet molded and sintered wide-angle arc segments of
ferrite.

2. The brush motor according to claim 1, wherein
said permanent magnet assembly has a magnetic flux
density distribution having a smooth wave form sub-
stantially-free from locahzed deformations in a circum-
ferential direction.

3. A wet molded and sintered wide-angle arc segment
magnet having an arc angle © of 170°-180° and an in-
trinsic coercive force iHc of 2850 Oe or more.

4. The wide-angle arc segment magnet according to
claim 3, wherein it has a residual magnetic flux density
Br of 3800 G or more.

3. A magnetic circuit comprising:

a pair of wet molded and sintered arc segment mag-
nets made of ferrite and assembled such that said
pair of arc segment magnets has a magnetic flux
density distribution having a smooth wave form
substantially free from localized deformations in a
circumferential direction; wherein each of said pair
of arc segment magnets having an arc angle ©

between 170°-180° and an intrinsic coercive force
of at least 2850 Qe.
x
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